INTRODUCTION
The overall objective of the proposed research program is to explore the potential application of a new invention involving a multistage column equipped with vortex-inducing loopflow contactors (hereafter referred to as the multistage column) for fine coal cleaning process.
The research work will identi& the design parameters and their effects on the performance of the separation process. The results of this study will provide an engineering basis for hrther development of this technology in coal cleaning and in the general areas of fluidparticle separation.
In the last quarter, we performed image analyses of gas bubble size using photographs obtained fiom the multistage
In this quarter, the bubble size measurements in the conventional column was carried out. Also, correlations for results on gas holdup, bubble size and specific interfacial area were developed. In Table 1 .1, the project schedule shows work accomplished to data. This task was completed in September 1994''I.
Task 2: Equipment Design and Construction
Task 2 was completed in March 1995[21.
Task 3: Hydrodynamic Tests
The objective of this task is to pursue a basic understanding of the hydrodynamic behavior and to characterize the flow and mixing conditions in a multistage separation column. In the last quarter, we have completed the measurements of bubble sizes in the three-stage column. During this quarter, we continued to perform image analyses of the bubble sizes based on the test data.
The results are listed in the Appendix. The average size for the bubbles in the multistage column was found to range fiom 0.001m to 0.002 m. In September 1995, we began to work on correlation of data on gas holdup, bubble size and specific integacial area obtained from the three-stage column and conventional column. Much of the current work has focused on developing a mathematical method to correlate the experimentally measured data in terms of operating parameters. (See Task 6 below).
Task 4: Separation Tests
This task will not be initiated until January 1996.
2.5
Task 5: Conventional Tests Similar experiments as that of Task 3 have been carried out to study the hoZdup, bubble size and specific inteflaciaal are4 in the conventional flotation column. The results are analyzed and discussed in the next section.
2.6
Task 6: Data AnaIysis
For engineering design and scale-up, an understanding of the hydrodynamic behavior of the multistage column is required. Gas holdup (a) and specific interfacial area (a) are two key parameters for evaluating the performance of the multistage column. For these purposes, gas holdup and bubble size (dav) as well as specific interfacial area data were experimentally determined (Tasks 3 and 5).
These experimental datap4' are analyzed in this section in terms of three key operating parameters: superficial gas velocity 0, agitation speed CN) and frother dosage (C) . A secondorder polynomial equation[51 is used for the correlation: where, Y represents a, d, or a; XI+ represent operating parameters, i.e., XI = C; X 2 = N; X3 = V; and Po , pI , fit , fljy are regression coefficients. The following is a summary of the correlations for these parameters.
3 2.6.1 Gas Holdup
Gas hold-up is one of the key parameters for evaluating the performance of the multistage column. Based on Eq. (2.6.1) and using a multi-parameter regression programrq, a correlation for the overall gas holdup in the multistage column can be obtained as follows:
Q, = -0.122 + 7.88 x 10" c + 3.55 x 10" N + 6.11 v -2.13 x io -4 2 c -4.37 x 10-~ N~ -34.7 V2 + 5.61 x 10" C N + 9.32 x C V + 9.70 x N V (2.6.2) 
Bubble Size
The bubble sizes in the multistage column were investigated using photographic method.
The experimental setup consisted of a camera, a strobe light, and a video camera recorder. In order to save time in counting and sizing of a large number of gas bubbles, information concerning ' the size and shape of gas bubbles was obtained from the photographs with the aid of a computerized image analyzer. A s o h a r e package for image analysis (HARMONY)1q was used to examine the bubble images. The Sauter mean diameter, d, refers to the diameter of an equivalent sphere with the same volume-to-surface ratio as the gas bubble. For a distribution of bubbles, the Sauter mean diameter is defined as where ni denotes the fiequency (numbers of bubbles over a specific size range) of appearance of bubbles with diameter dj.
In order to calculate the d, of the bubbles, more than 100 bubbles were counted for each run using the image analyzer. The Sauter mean diameter of bubbles in the multistage column was found to range from 0.001 m to 0.002 m which is comparable to the bubble sizes in the convention agitated column. However, in terms of bubble size, the design configuration of multistage column has a significant advantage over the conventional column. First, the multiple draft tubes &e able to create an even distribution of bubbles over the entire column cross-section area, leading to almost no "dead" volume for bubble trajectories. In the conventional column, bubbles only appear in the area surrounding the shaR due to centripetal force, resulting in a low gas holdup and a poor dispersion condition. Second, even though the bubble sizes are comparable in both column configurations, the bubble sizes in multistage column are more uniform than those in the conventional column. Under this situation, the gas holdup in the multistage column are 20-50 % higher than that in the conventional column. Thus, the multistage column provides a larger interfacial area than the conventional column.
Based on Eq. (2.6.1) and using the multi-parameter regression program, the correlation for the Sauter mean diameter of bubbles in the multistage column can be obtained as follows: d,, = 2.82 x 10" -1 . 0 1~ lo4 C -3.47 x 10" N -1.34 x V + 2.97 x lo6 C2 -C N -8.0 x lo4 C V + 5.66 x lo4 N V The bubble size data obtained from the multistage column and conventional column are listed in the Appendix.
Specific Interfacial Area
In the design and scale-up of the multistage column, the specific interfacial area of gas bubbles is one of the critical parameters. The specific interfacial area of gas bubbles is related to the magnitude of the gas holdup and the gas bubble Sauter mean diameter, d,. Mathematically, the specific interfacial area of gas bubbles can be expressed as:
Based on the data of the bubble Sauter mean diameter and the corresponding overall gas holdup, the specific interfacial area of gas bubble can be calculated. Table 2 .6.1 shows a comparison of the specific interfacial area data between the multistage and conventional agitated column. The results indicate that the specific interfacial areas of gas bubbles in the multistage column are significantly greater than those in the conventional agitated column under the same operating conditions. The difference is primarily due to much larger gas holdup in the multistage column. As shown in Table 2 .6.1, the effects of N, V and MIBC dosage on a are also very significant. 
Summary
Experimental measurements of the overall gas holdup, gas bubble size and specific interfacial area were conducted to evaluate the roles of various operating parameters in the hydrodynamic behavior of the multistage column. Mathematical expressions developed using the multi-parameter regression method provide adequate correlations for the experimental data. In conclusion, the following points are noted: 2. The gas bubble Sauter diameters in the multistage column were found to range from 0.001 m to 0.002 m, which are comparable to those in the conventional column.
3. The speciiic interfacial areas in the multistage column are significantly greater than those in the conventional column due to a higher gas holdup.
WORK FORECAST
In the next quarter, work for Tasks 3,5, and 6 will be continued: 
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